The purposes for which biogas technology was introduced at household level were multiple but the major and direct one was to provide a clean and sustainable energy, thereby reducing the reliance on wood fuel. From the socio-economic studies that have been carried out, biogas end-users and technicians continue to be blamed for technical factors hindering its adoption and use. However, the ways these factors hinder biogas adoption and use plus the linkage between them seem not well understood right from policy to endusers. A technical survey was carried out on household biogas digesters to evaluate the adoption, use and management factors and their implications on the future of household digesters. Over-designed digesters in relation to family size yet not producing enough biogas, dependence on cow dung as the feedstock, 75% of users not being sure of loading rate and mixing ratios, not feeding the digesters daily by all households were found to be the main causes of why biogas was not enough for 87.5% of the respondents and digesters were abandoned in Kampala, Uganda. All surveyed digesters were characterized by starvation-overfeeding problem. Wood fuel was found still dominating in these households with biogas. Given that end-users had no options of digester types from which to select, but handed-over with over-size fixed dome digesters, there is need for all biogas stakeholders to come together as the reality on ground reveals that right from inception to management, everyone is to blame for the technical failures.
Introduction
In the need to provide sustainable clean energy to the ever growing population, biogas technology has been seen as one of the renewable energy sources that can cause a paradigm shift on communities, especially in the developing countries.
However, its adoption and use seem not to be advancing in most of these developing countries where it was hoped to have an impact. This has led to a number of researchers to carry out in-depth studies on socio-economic factors hindering biogas adoption and use with little on technical factors where biogas users and technicians are always blamed [1] [2]. Tumwesige [3] reviewed biogas appliances as one of the technical factors hindering biogas performance usage. However, before the appliances, there are a number of other technical factors that if not considered the appliance will perform poorly however much perfect it might be.
Such technical factors include how much is fed into the digester per unit time (loading rate), number of times the digester is fed, mixing ratio of water and the substrate at hand as well as the ratios between substrates where more than one is being used, digester size and type and available substrate among others. These and more continue to be silent technical factors which seem to be not well understood right from policy to end-users in ways how they hinder biogas adoption and use plus the linkage between them, but have received little attention from researchers. In Uganda, biogas-users complain that biogas takes a lot of time to make a meal ready [4] . Although the low heating value of biogas plays a part in this which is a natural characteristic, technical factors are also partly responsible. Rajendran [5] recommended research into why people stop using household biogas digesters due to lack of knowledge, low gas production and inadequate supply of substrate. In regard to inadequate substrate supply, Balana and Glenk [6] suggested designs whose capacity can be changed to match the reduction in substrate. This seems to be unattainable in the near future. Therefore, the aim of this work was to evaluate technical factors right from adoption, use, management and their implications on the future of household biogas digesters. The intention is to inform and guide policy when planning, implementing and managing biogas projects.
Materials and Methods

Questionnaire Design
To carry out the technical evaluation, a questionnaire was designed for households with biogas digesters either working or not working. The questionnaire was divided into five sections. The first part was intended to capture demographic information and resources available that directly or indirectly affect the type and size of the biogas digester. The next section considered biogas systems and status. The third section looked at information related to biogas use practices and behaviour that help to understand the potential of the digester to supply the needed energy as well as the safety of the users. The fourth section collected data on operation and management practices that influence the efficiency of di-gesters. The last section was meant for digesters that were not working. The questionnaire was pretested and administered in two divisions in Kampala city and two sub-counties in Wakiso district neighbouring Kampala city that had been selected randomly. The study intended to have at least five households with biogas digesters from each of the selected divisions to make twenty in total.
However, only ten in total were found basing on the informers in each of the selected divisions. Figure 1 represents the map of Kampala city and Wakiso district showing their respective divisions and the respective locations (marked with red pins) of the household biogas digesters from which data was collected.
These locations were mapped using Geographical Information System (GIS) tools.
Data Analysis
Statistical Package for Social Sciences (SPSS) was used in data entry and analysis.
Descriptive statistical analysis using frequencies was applied to questions that needed one response while for questions that necessitated multiple responses, multiple response analysis was used. implies total disregard by the biogas implementers (government, NGOs and research centres) in involving the users or community. As it can be seen in Figure   3 , 80% of the digesters were implemented by NGOs while government and research centres were responsible for 10% each. Among the presented factors, family size is the most important that directly determines the size of digester to be constructed as shown in Equation (1).
where, V is the volume of digester (m (family size) does not march with the size of digester. However, Rajendran [5] suggested that a digesters size of 6 m 3 is enough to supply biogas sufficient for a family of 9 people. Therefore, going by this, one can say that majority of the household digesters surveyed were over designed. A household using a mixture of cow dung and pig manure or more than one feedstock will never know the optimal ratio that favours anaerobic process for maximum biogas/methane unless the researcher comes in the equation. This is in light of the much available literature on synergetic effect of co-digestion on methane yield with little mention on the antagonistic effects [12] [13] [14] . From Figure 3 , it can be seen that diversity in feedstock available is limited with cow dung dominating. This has negative consequences on wide spread adoption and continuity of the technology. Such consequences include among others households without animal may not adopt and digester abandonment in case of reduction in number or death of animals leading to shortage in feedstock supply. were found to be using biogas for cooking while 22.2% use it for both cooking and lighting and 11.1% use it only for boiling water. Diversifying biogas applications has been suggested by some researchers [6] , However, this can only be possible that there is more than enough for cooking and lighting. The big question on whether biogas was enough or not, clearly showed that biogas was not enough represented by 87.5%. Only 12.5% of the respondents acknowledged that biogas was enough which also corresponds with the 10% using biogas alone for cooking. However, biogas being enough or not is affected by so many factors right from adoption, use and management. As already discussed in Section 3.1 pertaining adoption, majority of the surveyed digesters were over designed in relation to the family size and one would expect biogas to be more than enough even if no energy saving practices are applied, which is not the case. To understand this anomaly, the next section of management and operation of biogas digesters is important. Similarly, 75% of the households were not sure of the mixing ratio of water to feedstock. Equally so, this affects digester performance as concentrated mixture or feed slow down the anaerobic digestion process while over diluted feed is associated with scum formation [5] . There must be a dilution consistency for every type of feedstock and depending on its state. This information can only be made know to biogas end-users by researchers or energy extension workers who are nowhere in adoption, use and management of biogas systems.
Factors That Influence Technical Performance during Usage of Biogas
Technical Factors That Influence Biogas Performance at Management Level
Like most of the questions, the question on how often the digesters are fed was an open ended one. Respondents gave varying responses like once in 2 days, once in 3 days, on every Sunday to mention but a few. These responses were then categorized into more than a week, once a week, twice a week and thrice a week. From Figure 5 , those that feed once, twice and thrice a week were represented by 28.6% for each category. On the other hand, those who take more than a week were represented by 14.3%. A biogas digester is expected to be fed daily [5] [19] , but among the surveyed digesters none was being fed on a daily basis.
This factor of feeding the digester daily is closely related to the digester size as well as loading rate. From hydraulic retention time (HRT) given as the ratio of the active digester volume to the daily loading rate or daily outflow, where HRT determines the time available for microorganisms to grow and multiply and the time when the substrate is converted to biogas, the effect of not feeding biogas digester daily can be explained. Using the an approximate amount of 280 litres of feedstock mixture per unit time and feeding a digester of 8 m 3 once in three days as given by one the respondents, the HRT approximates to 60 days assuming the active volume of the digester is two thirds. One who feeds once in two days, HRT approximates to 40 days while one who feed once a week, HRT approximates to 140 days. However, if they were feeding daily HRT would be 20
days. Literature presents varying ranges of HRT for household biogas digesters.
[5] suggested HRT of 20 to 60 days while [20] suggested HRT of 30 to 50 days.
However, these ranges are based on digesters fed on a daily basis. It can therefore be said that the surveyed digesters were designed for a HRT of 20 days but the users are operating at HRTs of 40, 60, 140 days and above. This leads to less biogas being produced as the material takes a lot of time to come out of the digester when it has already been used up by microorganisms. This is because biogas production from any substrate follows the first order reaction or a sigmoid curve as time increases. Analogous to this scenario is where one fails to feed his animal for two or more days and on the third day gives it the quantity of food it would have eaten in three days expecting it to eat all. In biogas digesters, this is over loading and results into digester instability. This can be termed as a "starvation-over feeding problem". It is therefore no surprise that 87.5% of the respondents, biogas was not enough. At this level of biogas operation and management, the user will never know the significance of loading rate, dilution consistency and HRT unless researchers are involved in the implementation and monitoring processes of biogas projects. There is therefore need to retrain biogas end-users on biogas digester use and management practices that enhance performance for biogas to be sufficient as well as establishing regional biogas monitoring centres.
Implications on the Future of Household Biogas Digesters
Having presented technical factors affecting biogas right from adoption through use to management, this section presents the implications of these factors on the future of household biogas digesters. From adoption, it was shown that all the digesters under use were of the Chinese fixed dome type. This type of digester requires a big space and probably this could be one of the factors why only three digesters were found in the two selected divisions in Kampala city where space is limited than the other sub-counties in Wakiso district which are just beginning to be occupied ( Figure 1 ). As urbanisation areas grow, there will be need for change in the design and type of digester currently used given space constraints.
Otherwise, there will be limited options for those who may want to adopt as they will be lacking enough space. Figure 6 shows the rate of adoption for the surveyed digesters. It can be seen that 50% were constructed in 2009 and for the following three years, the rate dropped to 12.5%. Though, there are many factors responsible for this decline, if a technology is working, one would expect some . Therefore, redesigning the digesters to take advantage of this available household agricultural waste would not only solve the over design problem which is associated with low performance but would attract other households without animals. However, researchers are needed in this area to make it work. By introducing biogas, the hope was to reduce or eliminate the use of wood fuel at household level. Nevertheless, Figure 8 shows that the situation is still far from reality as wood fuel is still dominating in 90% of households with biogas digesters. As already suggested above, this can be solved by redesigning the digesters, feedstock or substrate diversification and retraining biogas end-users on use and management. Without going back to the drawing board where policy makers, social workers, economists, scientists, technicians and users come together, the situation is likely even to go back as it used to be before the introduction of biogas programme. This is because the factors that have been presented in this work are not to be blamed on the end-user nor the technician but on all stakeholders. This therefore, calls for extension workers not necessarily in agriculture alone but in energy saving and performance efficiency areas.
Conclusion
There is a need for a shift from the common fixed dome type of digester to small and compact types which do not require large spaces in addition to substrate diversification and process optimisation and control. Majority of the household biogas digesters are over designed and cannot adapt to any unexpected reduction in feedstock supply. Over 70% of biogas users were found not to know how much is needed to feed their digesters and mixing ratios. This is not to mention that none was found to be feeding the digester daily. All this coupled with the oversize problem seem to be the major causes of why biogas is not enough for 87.5% of the households and responsible for the situation presented in Figure 8 .
For the purpose for which biogas technology was introduced to be realized, there is a need for all stakeholders in biogas to come together to address these challenges. Otherwise, the situation is likely to go back to where it used to be before biogas.
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